General features of peroxidizing compounds are protoporphyrinogen-IX oxidase (Protox) inhibition, light-induced ethane formation, decreased chlorophyll content, growth inhibition of Scenedesmus acutus and root-growth inhibition of Echinochloa utilis. The first two parameters can be conveniently measured in a peroxidizing assay. The two parameters of peroxidizing phytotoxicities were measured with two series of compounds, i.e. 4-(4-bromophenyl)-1, 2-dialkyl (or polymethylene)-1, 2, 4-triazolidines and 5-(4-bromophenylimino)-3, 4-dialkyl (or polymethylene)-1, 3, 4-thiadiazolidines.
INTRODUCTION
Shouda et al.'s have already reported that 4-aryl-l, 2-polymethylene-1, 2, 4-triazolidines (III: Fig. 1 ) and 5arylimino-3, 4-polymethylene-1, 3, 4-thiadiazolidines (IV: Fig. 1 ) are particularly, N-aryl-l, 2-tetramethylene analogues (n = 4, in III and IV) exhibit stronger peroxidizing activity compared to other polymethylene analogues. However, the peroxidizing activity of 4-aryl-l, 2-dialkyl-1, 2, 4-triazolidines (I) and 5-arylimino-3, 4-dialkyl-1, 3, 4thiadiazolidines (II) should be compared with that of the polymethylene analogues (III and IV). 4-Aryl-1, 2dialkyl-1, 2, 4-triazolidines (I) and 5-arylimino-3, 4dialkyl-1, 3, 4-thiadiazolidines (II) have not yet been assayed.
We synthesized 4-aryl-l, 2-dialkyl-1, 2, 4-triazolidines (I R = 4-Br) and 5-arylimino-3, 4-dialkyl-1, 3, 4-thiadiazolidines (II: R = 4-Br), and measured Protox inhibition"
2) as well as light-induced ethane formation.'-3>
In this paper, the influence of the N,, N2-dialkyl moiety or N,, N2-polymethylene moiety (see moiety A in Fig. 1 ) of compounds tested on peroxidizing phytotoxicities is discussed, and furthermore a structureactivity relationship between Protox inhibition and the size of the compounds.
MATERIALS AND METHODS

Chemicals
4-(4-Bromophenyl)-1, 2-dialkyl-5-thioxo-1, 2, 4triazolidin-3-ones (1, 3, 6 and 8), 4-(4-bromophenyl)-1, 2-dialkyl-1, 2, 4-triazolidine-3, 5-diones (2 and 5), 4-(4bromophenyl)-1, 2-dialkyl-1, 2, 4-triazolidine-3, 5-dithiones (4 and 7), 5-(4-bromophenylimino)-3, 4-dialkyl-1, 3, 4thiadiazolidin-2-ones (3' and 6') and 5-(4bromophenylimino)-3, 4-dialkyl-1, 3, 4-thiadiazolidine-2thiones (4' and 7') were synthesized according to the methods described elsewhere.4-6) Their structures were confirmed by IR-and NMR-spectroscopy, and elementary analysis for C, H and N. The typical synthetic procedure was carried out as follows.
1, 2-Bis(ethoxycarbon yl)-1, 2-dimeth ylh ydrazine
To a mixture of 1, 2-bis(ethoxycarbonyl)hydrazine (50 g, 280 mmol), trimethylbenzylammonium chloride (10 g, 60 mmol) and CH2C12 (300 ml), dimethyl sulfate (126 g, 1.0 mol) and 50% NaOH solution (108 g) were added dropwise under stirring. The mixture was heated under reflux for 4 hr. After cooling, the CH2C12 layer was separated and the aqueous layer extracted by CH2C12. The combined CH2C12 layer was dried over anhydrous sodium sulfate, and evaporated in vacuo and the residue was distilled to yield 45 g (79%) of 1, 2-bis(ethoxycarbonyl)-1, 2-dimethylhydrazine, by 80-83C (2 mmHg). IR ymaX cm-1: 3000, 1700. 1.2 1-(4-Bromophenylthiocarbamoyl)-2-ethoxycarbonyl-1, 2-dimethylhydrazine and 1-(4-bromophenylthiocarbamoyl)-1, 2-dimethylhydrazine 1-Ethoxycarbonyl-l, 2-dimethylhydrazine (7.9 g, 60 mmol), which was prepared by decarboxylation of 1, 2bis(ethoxycarbonyl)-1, 2-dimethylhydrazine, was dissolved in benzene (100 ml) and mixed with 4bromophenyl isothiocyanate (13.0 g, 60 mmol). After stirring 24 hr at room temperature, the solvent was evaporated in vacuo and the remaining residue was recrystallized from benzene-hexane yielding I 1 g (52%) of 1-(4-bromophenylthiocarbamoyl)-2-ethoxycarbonyl-l, 2dimethylhydrazine, mp 136-138C. IR i4 cm-1: 3240, 2950, 1690, 1580.
Both this compound (10 g, 30 mmol) and KOH (4 g, 70 mmol) were dissolved in ethanol (50 ml), and the solution was refluxed for 4 hr. After separation of K2C03 precipitated, ethanol solution was evaporated in vacuo to yield 1-(4-bromophenylthiocarbamoyl)-1, 2dimethylhydrazine (5.7 g, 67%), mp 105-108C. IR vmaX cm-1: 3240, 2950, 1690, 1580. 1.3 4-(4-Bromophenyl)-1, 2-dimethyl-1, 2, 4-triazolidine-3, 5-dione (2) 4-(4-Bromophenyl)-1, 2, 4-triazolidine-3, 5-dione (3.8 g, 15 mmol), prepared by cyclization of 1-(4bromophenylcarbamoyl)-2-ethoxycarbonylhydrazine, and trimethylbenzylammonium chloride (0.75 g, 0.4 mmol) were mixed in CH2C12 (30 ml). To this mixture dimethyl sulfate (3.9 g, 30 mmol) and 50% NaOH solution (50 g) were added dropwise with stirring. After refluxing for 3 hr the mixture was cooled, the CH2C12 layer separated and the aqueous layer extracted by CH2C12, then the combined CH2C12 layers were dried over anhydrous sodium sulfate and concentrated in vacuo. The residue was recrystallized from ethanol to give colorless crystals of 2 (0.9 g, 21%), mp 176-179C. Anal. found: C, 42.28; H, 3.55; N, 14.79, calcd. for C10H10N3Br02: C, 42.40; H, 3.45; N, 14.76%. IR ii cm-1: 2950, 1790, 1700, 1490. 1H NMR S4 ppm: 3.28 (6H, s), 7.44 (2H, d), 7.59 (2H, d). 
2-dimethylhydrazine (1.0 g, 4 mmol) was dissolved in a mixture of pyridine (0.3 g, 4 mmol) and CH2C12 (30 ml). After addition of trichloromethyl chloroformate (0.3 g, 2 mmol) in CH2C12 (10 ml) dropwise at 0C, the mixture was stirred for 24 hr at room temperature, and then poured on to excess of crushed ice. The CH2C12 layer was separated, dried over anhydrous sodium sulfate and evaporated in vacuo. The residue was chromatographed over silica gel (150 g, CH2C12 as developing solvent) to give colorless crystals of 3' (0.2 g, 19%), mp 122-l26C. Anal. found: C, 40.01; H, 3.36; N, 14.00, calcd. for C, 0H, 0N3BrOS: C, 40.15; H, 3.18; N, 13.98%. The pI50 (Protox) was estimated from I50 (Protox).
Peroxidizing phytotoxicities of 4-(4-bromophenyl)-1, 2-dialkyl-1,2,4-triazolidines and 5-(4-bromophenylimino)-3, 4-dialkyl-1, 3, 4-thiadiazolidines are shown in Table 1 .
Molecular Orbital Calculations
The most stable conformations10> of the compounds (1, 3, 6, 8, 9, 12 and 15) were calculated using MOPAC" with MNDO-PM3 parameterizations running on a Silicon Graphics IRIS-4D computer.12, 13) Both maximum molecular length and maximum width between the N,and N2-substituent (maximum width) (see the definition in Fig. 2 ) in the most stable conformations are listed in Table 2 . Table 1 Phytotoxicities of 1, 2-dialkyl-1, 2, 4-triazolidines (I) and 3, 4-dialkyl-1, 3, 4-thiadiazolidines (II). Table 1 .
All the 1, 2-dialkyl-1, 2, 4-triazolidines (I: 1-8) and 3, 4-dialkyl-1, 3, 4-thiadiazolidines (II: 3', 4', 6' and 7') tested caused Protox inhibition and ethane formation, although some compounds were found of rather weak activity. All compounds tested exhibited weaker phytotoxicity than chlorophthalim.
The order of Protox inhibition by the 1, 2-dimethyl-1, 2, 4-triazolidines (I) was as follows: 4 (PI50 (Protox) 6.96) >3 (pI50 (Protox) 6.55)>2 (pI50 (Protox) 4.89). Protox inhibition of triazolidine-dithione (4) and triazolidin-one-thione (3) were more than 50 times stronger than that of triazolidine-dione (2) . This fact indicates that Protox inhibition becomes stronger when moiety B of triazolidine-dione (2) is modified to give its corresponding thioxo-(3) or dithioxo-analogues (4) . It appears that the increase of Protox inhibition by introduction of sulfur atom(s) at the X and Y position of moiety B correlates with increase of herbicidal activity against Echinochloa utilis.15) A similar activity by increase by introduction of sulfur atom(s) was observed with the 1, 2-diethyl-1, 2, 4-triazolidines (5, 6 and 7) .
The order of ethane formation by the 1, 2-dimethyl-1, 2, 4-triazolidines (I) was follows: 3 (pI50 (Ethane) 5.43> 4 (PI50 (Ethane) 5.12)>2 (PI50 (Ethane) <4.00). Ethane Table  2 Molecular  properties  of l, 2-dialkyl-5-thioxo-1 formation in the presence of triazolidin-one-thione (3) and triazolidine-dithione (4) was more than 10 times stronger than that of triazolidine-dione (2) . This effect was similar to the Protox inhibition increase by sulfur introduction. But the ethane formation by 1, 2-diethyl-1, 2, 4-triazolidine-dithione (7) was less than that of 1, 2diethyl-5-thioxo-1, 2, 4-triazolidin-one (6) . This may be due to different absorption of the compounds into Scenedesmus cells.
Protox inhibition or ethane formation of 3, 4-dimethyl-1, 3, 4-thiadiazolidines (3' and 4') and 3, 4-diethyl-1, 3, 4-thiadiazolidines (6' and 7') showed almost the same pI5o values. Increase of peroxidizing phytotoxicities (Protox inhibition and ethane formation) by 3, 4-dialkyl-1, 3, 4-thiadiazolidine-thiones (4' and 7') were not observed.
Difference of Protox inhibition between 3, 4-dimethyl-1, 3, 4-thiadiazolidine (3', pI5o (Protox) = 5.43) and its isomer, 1, 2-dimethyl-1, 2, 4-triazolidine (3, P'50 (Protox)= 6.55) is higher than that of ethane formation between these compounds (3', pI50 (Ethane)=5.14 and 3, pI5o (Ethane) = 5.43). A similar tendency was observed between 3, 4-diethyl-1, 3, 4-thiadiazolidine (6') and its isomer 1, 2-diethyl-1, 2, 4-triazolidine (6) . These findings may indicate that 3, 4-dialkyl-1, 3, 4-thiadiazolidines (3' and 6') isomerize to 1, 2-dialkyl-1, 2, 4-triazolidines (3 and 6), although further experiments are needed to determine the exact isomerization of the thiadiazolidines (3' and 6'). Tetramethylene-thiadiazolidin-ones are readily converted into the corresponding tetramethylene-triazolidin-onethiones in plant cells, 16> while thiadiazolidine-thiones barely convert into the corresponding triazolidinedithiones, which may explain the smaller phytotoxicities of 3, 4-dialkyl-1, 3, 4-thiadiazolidine-thiones (4' and 7'), 17)
Effect of the Structural Moiety A in Triazolidines
on Protox Inhibition As shown in Table 2 , the order of Protox inhibition by the l, 2-dialkyl-5-thioxo-1, 2, 4-triazolidin-3-ones (group I of Fig, l: 1, 3, 6 and 8 ) and the reference 1, 2polymethylene-5-thioxo-1, 2, 4-triazolidin-3-ones (group III: 10, 13 and 16) was found as follows: 13 (pI5o (Protox) 8.00) > 10 (PI50 (Protox) 7.46) > 16 (pI5o (Protox) 6.89)>3 (P150 (Protox) 6.55)>6 (pI50 (Protox) 6.08)>8 (p'50 (Protox) 4.61) > 1 (pI50 (Protox) 4.14). A similar tendency was observed with both the triazolidinediones (2, 5, 9, 12 and 15) and triazolidine-dithiones (4, 7, 11, 14 and 17) . The order of Protox inhibition among the triazolidin-one-thiones, triazolidine-diones and triazolidine-dithiones is as follows: tetramethylene analogues (12, 13 and 14) > trimethylene analogues (9, 10 and 11) > pentamethylene analogues (15, 16 and 17) > dimethyl analogues (2, 3 and 4) > dimethyl analogues (5, 6 and 7) > dipropyl analogue (8) > 4-(4-bromophenyl)-5thioxo-1, 2, 4-triazolidin-3-one (1). This finding suggests that moiety A in triazolidines (I and III) should have a suitable structure for high Protox inhibition.
It has been reported that maximum length and width of peroxidizing herbicides match closely with the full-length and one-half width of the protoporphyrinogen-IX molecule.18' 19) So, our objective was to find out a relationship between Protox inhibition and steric parameters, maximum length (L) and maximum width (W) between the N1-and N2-substituent in the most stable conformation (see Fig. 2 ), with respect to our triazolidin-onethione compounds (1, 3, 6, 8, 10, 13 and 16 ). The following two equations have been tentatively obtained. pI5o (Protox)= -0.799L2+ 17.678L-90. 456 (1) (+0.645) (+14.024) [n=7, r=0.877, s=0.840] pI50 (Protox) = -0.783 W2+7.146 W-8.867
(2 ) (+0.330) (+2.963) [n=7, r=0.958, s=0.500] n stands for number of data, r the correlation coefficient, s the standard deviation, respectively. The figures in parentheses indicate the 95% confidence. From these equations, the suitable molecular size for Protox inhibition is calculated as 11.1 A (Eq.1) for maximum length and 4.56A (Eq. 2) for the maximum width, respectively. Further investigation is under way to improve the two equations with more Protox inhibitors and of higher activity than used in this study.
